What is already known about this subject?
Significance of this study
What is already known about this subject?
► It is known that pharmacotherapeutic empowerment is a clinically effective alternative in the control of type 2 diabetes mellitus.
What are the new findings?
► Pharmacotherapeutic empowerment is confirmed as a clinically effective alternative and, in addition, as an economically viable strategy from the perspective of the municipal public health system.
How might these results change the focus of research or clinical practice?
► The results can contribute to the generation of data of pharmacoeconomic research developed at a municipal level of the management of the public health system. It can also encourage municipal managers to implement similar strategies promoting improved glycemic control of patients and the application of financial resources.
AbStrAct
Background The economic feasibility of pharmacotherapeutic empowerment of patients with type 2 diabetes mellitus (DM2) is still not well established.
Objectives To evaluate the cost-effectiveness of an individual pharmacotherapeutic empowerment strategy (IPES) for patients with DM2. Methods This is a cost-effectiveness study nested in a non-randomized clinical trial with patients ≥18 years of age, of both genders, with low and moderate cardiovascular risks. This study was carried out from the perspective of the municipal health system of Divinópolis in Minas Gerais state, and compared patients submitted to an IPES and patients who received only traditional care, 1 year before the beginning of the intervention (baseline) and 1 year after its completion (follow-up). The costs of the services offered by the municipality were computed, and in the intervention group IPES costs were included. Glycated hemoglobin (A1c) was the effectiveness parameter adopted. Cost-effectiveness ratio analyses, incremental cost-effectiveness ratio (ICER), and sensitivity analysis were performed. Results In the analysis of cost-effectiveness, it is observed that a reduction of 0.359 in A1c costs US$708.47 in the intervention group and a reduction of 0.170 costs US$1927.13 in the control group. Thus, the ICER is US$387.66 per patient/year. In the sensitivity analysis, it was observed that the IPES was dominant in 19.8% of the simulated scenarios and cost-effective in 80.2%. Conclusions The IPES is an alternative that presents economic feasibility for the municipal public health system scenario. The absence of randomization in patient selection is a limitation of this study.
InTROduCTIOn
Diabetes mellitus (DM) type 2 (DM2) is characterized by hyperglycemia and is the most prevalent (90%) and usually affects overweight individuals over 40 years of age. 1 2 DM2 is a chronic, slowly evolving disease and can lead to micro/macrovascular complications in patients, 1 3 which depending on severity leads to significant worsening of patients' quality of life. 4 5 The contemporary scenario, with a high prevalence of DM2, contributes to the increase of direct and indirect costs, making financial equilibrium a growing challenge for health systems. 6 7 It is estimated that in Brazil the annual expenditure with DM is around US$3.9 billion and that the average cost of a patient with DM2 for the public health system (PHS) is US$2108.00/year. 8 The WHO estimates that the costs of loss of productivity of a patient with DM can exceed up to five times the direct costs of the disease. 2 In this sense, alternatives that effectively help reduce the costs of treating patients with DM2 become relevant to health systems. 9 Individual pharmacotherapeutic empowerment emerges as a tool to assist the individual in daily self-care, providing knowledge about pharmacological treatment and contributing Clinical Care/Education/Nutrition to the promotion of glycemic control, [10] [11] [12] [13] however, there are still few studies that associate the use of this strategy with financial results.
This study aims to foster the production of economic data related to individual pharmacotherapeutic empowerment strategies (IPES) for patients with DM2 from the perspective of primary healthcare in the municipal public system.
ReseaRCH desIgn and MeTHOds
The present study is a pharmacoeconomic study nested in a concurrent clinical trial with non-randomized control, and analyzed an IPES in patients with DM2, performed by Aquino et al, 14 comparing it to traditional care offered to patients with DM2 in primary healthcare, from the perspective of the municipal public service.
The study included patients with DM2 registered in the system for enrollment and follow-up of patients with arterial hypertension and DM, attended by the PHS (Hiperdia), aged 18 years and over, of both genders, living in the territories served by the Family Health Strategy (FHS), with low and moderate cardiovascular risks, according to the Framingham score. 15 In the intervention group, the participants attended all the IPES meetings. Patients in the control group did not participate in any IPES meeting. To detect a difference of 0.67 in mean glycated hemoglobin (A1c) 16 a minimum population of 60 patients was required for the composition of the intervention group. To achieve this number, 100% of the patients who fulfilled the inclusion criteria were invited to participate in the study. With the exhaustion of the eligible population in the recruitment of the intervention group, the control group consisted of patients who refused to participate in the intervention and patients who were not located in their homes during recruitment.
To minimize the effects of lack of randomization on selection, patients in the control group were categorized into patients who declined to participate in the intervention, and patients who were not found during the recruitment process, and sociodemographic variables were compared between these two categories.
Participants of other intervention projects related to DM education, patients with reduced cognitive ability (classified by the FHS team as unable to reproduce the information received), and patients without A1c results registered in the computerized health system (Integrated Health System, IHS) in the reference period for data collection (criterion only for the control group) were excluded.
The IPES performed by Aquino et al (2018) consisted of three meetings between the pharmacist and the patient, with the aim of empowering the patient for self-care. As a tool for empowerment, a booklet was used with guidelines on DM2 and use of antidiabetic medication. If there was a limitation on the use of the booklet, it would be delivered to a family member or caregiver. 14 17 Both groups continued to receive traditional care offered by primary healthcare, which consisted of consultations with general practitioners and specialists, nursing consultations, access to medication, urgent and emergency services, and hospital services (figure 1). The health outcome used as an effective parameter was A1c, since it is the best parameter for monitoring and follow-up patients with DM2. 3 Data were collected considering the period of 1 year before the beginning of the intervention (baseline) and 1 year after its closure (follow-up).
In order to calculate the costs involved in the care of these patients, the medications used, medical consultations in basic care, consultations with specialists in ophthalmology, cardiology, endocrinology, general surgery, angiology and nephrology, nursing consultations, urgent and emergency healthcare, hospitalization, and the cost of medication were considered. In the case of the intervention group, the cost of care with the IPES pharmacist was added. The number of procedures, collected 1 year before the beginning of the intervention (baseline) and 1 year after its closure (follow-up), through consultations with the IHS, the patient's records and the data collected during the IPES of each patient were multiplied by their respective cost that was established by different methods (figure 2).
Cost-effectiveness ratio analyses (equation 1) were performed to evaluate the results achieved with the IPES. For the calculation, the mean of the total annual cost of each of the groups in the follow-up period compared with the difference of A1c between follow-up and baseline was considered. The incremental cost-effectiveness ratio (ICER) was calculated based on equation 2.
18
CER intervention = total cost intervention effectiveness intervention and CER control = total cost control effectiveness control
Sensitivity analysis was performed to determine how robust was the adopted modeling, reducing the degree of uncertainty of cost estimation and cost relation with the effects produced by the intervention. 19 Scenarios for the comparison were constructed considering the variations in the total cost of the monitoring period (mean, minimum and maximum) of each of the groups and the same variations of A1c difference (table 1). The IPES was considered dominant when presenting lower cost and better outcome. For trade-off scenarios the calculated ICER and IPES were considered very cost-effective when the values were lower than the gross domestic product (GDP) per capita, which was US$9966. 21 . 20 ICER with values of up to three times the GDP per capita (US$29 898.63) 20 characterizes the intervention as cost-effective. 
Clinical Care/Education/Nutrition
Higher values determine that the intervention is not cost-effective. 21 All analyses were performed considering a level of significance of 95%. Data normality was evaluated using the Kolmogorov-Smirnov test. The comparison of the sociodemographic variables between intervention and control, and between the refusals and not found in the recruitment process groups was performed through the t-test and χ 2 test. The analyses between the groups at baseline and follow-up were performed by the Student's t-test. The paired Student's t-test and McNemar test were conducted for intragroup comparison at baseline and follow-up. The analysis of covariance test was used to evaluate statistical difference (p>0.05) between the intervention and control groups at follow-up, correcting the results by baseline data. The Statistical Package for Social Sciences (SPSS) V.19.0 software was used for all tests. Cost-effectiveness analyses and sensitivity analysis were performed with Excel 2010 software. The monetary amounts were obtained in Brazilian reais and converted into US$ based on the quotation on 28 July 2012, through the website http:// www4. bcb. gov. br/ pec/ conversao/ conversao. asp ResulTs A total of 352 patients were registered in the Hiperdia system of the FHS. Of these, 176 (50%) were not eligible because they had a high cardiovascular risk (n=165) or another type of diabetes (n=11). A total of 176 patients were potentially eligible. Taking into consideration the exclusion criteria, 107 patients fulfilled all the requirements for participation in the study. The composition of the groups and the losses are presented in figure 1 . 
The study population consisted mainly of women, with a mean age of 54.2 (±0.69) years in the intervention group and 53.9 (+0.74) years in the control group, with 70% of the patients being less than 60 years in both groups. Most of the participants did not complete the fundamental level of schooling (69.7% in the intervention group, 63.3% in the control group). In the intervention group, most of the individuals declared to be mixed race while in the control group they declared themselves white. Table 2 shows the sociodemographic characteristics of both groups, where no statistically significant difference was observed between the groups evaluated in this study (p>0.05).
Among the individuals belonging to the control group, the profile difference was analyzed in relation to the sociodemographic variables between the participants who refused and the participants who were not found during the recruitment process. There were no statistically significant differences between the intervention and control groups.
In the comparison between the groups, the variable 'other medications prescribed' showed a statistical difference in both baseline (p=0.032) and follow-up (p=0.01). It was possible to observe that the average number of medications used in the treatment of diseases other than DM2 was higher among patients in the control group when compared with the intervention group.
In the intragroup comparison, it was observed that only the urgent and emergency care variable presented statistical difference (p<0.024), a result that suggests that IPES is able to significantly reduce the number and cost of care in the urgent and emergency variable (table 2). In the reference period of the research there was no eligible hospitalization in any of the groups, so this variable did not participate in the composition of the total cost.
It is observed that there was a reduction in the number of consultations in both groups when comparing baseline and follow-up. The variables of nursing consultation and consultation in specialized care had an average of less than one appointment/year. There was no hospitalization for DM2 or for its complications during the period evaluated.
The mean of medications prescribed for DM2 treatment was 1.1 in both groups. It should be emphasized that this study considered only medications obtained from municipal public pharmacies, excluding medication purchased with patients' own resources and by programs of the state and federal governments of Brazil. The mean of the total medications used by the patients was 4.1 in both periods of the study in the case of the intervention group, and 5.5 at baseline and 5.7 at follow-up for the control group.
Analyzing the total cost of the patient in the period of 1 year, values of US$113.40 (baseline) and US$254.34 (follow-up) were observed in the intervention group, and US$114.72 (baseline) and US$327.61 (follow-up) in the control group. However, this increase between the evaluated periods did not present statistical difference (p>0.05) (table 3).
For evaluation of the A1c outcome the patients were classified into controlled (A1c ≤7%) and uncontrolled (A1c >7%). At baseline of the intervention group there were 23 (50%) controlled patients and 23 (50%) uncontrolled patients, whereas in the control group there were 11 (36.6%) controlled and 19 (63.4%) uncontrolled. With the reduction in mean A1c of the intervention group from 7.359% to 7.0% at follow-up and of the control from 8.17% to 8.0% at follow-up, the number of controlled patients in the intervention group increased to 26 (56.5%) and 13 (43.3%) in the control group, however with no statistical difference (p>0.05).
In the cost-effectiveness calculation it is observed that in the group submitted to IPES, the reduction of 0.359 in A1c costs US$708.47, while in the control group, the reduction of 0.170 in A1c costs US$1927. 13 . These values (table 4) .
dIsCussIOn
The constant technological innovations in health contribute to the increase in healthcare costs, which makes the development of pharmacoeconomic studies a necessity for health services. 22 In public health services, it is known that the change in current care models is an alternative to try to balance the costs of DM2 treatment. 23 In this sense, pharmacoeconomic analyses, such as those in this study, play an important role in the generation of data for the economic evaluation of pharmacotherapeutic empowerment strategies. The results demonstrate that the IPES insertion was able to promote glycemic control for the patient at a lower cost than the traditional care provided to the patient alone by the municipality, generating savings in resources and also considering the costs of their implementation.
The scarcity of pharmacoeconomic studies that evaluate the use of empowerment strategies makes it difficult to establish comparative parallels. In two Brazilian studies, cost-effectiveness analyses were performed considering pharmaceutical care services. Each controlled patient (A1c <7 %) was able to generate an annual saving of US$163.54 (US$2.35 in 2015). 24 Obreli-Neto et al (2015) observed savings of US$660.80 for each 0.7% reduction in A1c. 25 As for the sensitivity analysis, the insertion of the intervention in the primary healthcare scenario of the municipality was dominant in relation to the traditional care offered. Similar methodology was adopted by Fonseca et al to evaluate the insertion of the human papillomavirus vaccine in the prevention of cervical cancer. 26 In both cases, preventive interventions are dominant in relation to traditional care.
In other national studies with patients with DM, costs ranged from US$281.80 patients/year (intervention group) and US$212.20 patients/year (control group) to US$2108.00, 8 25 which may be related to the variables considered for cost composition (eg, different levels of comobility), 8 and also to the profile of the patients evaluated (elderly with different cardiovascular risks). 25 Analyzing the number of medical consultations to which the patients had access within a year, it is observed that this average is close to that recommended by the Ministry of Health 27 28 and similar to that found in another Brazilian study. 25 These facts may suggest that the lack of glycemic control presented by the patients at the beginning of the study is not associated with the difficulty of accessing medical care, but rather with the lack of more effective strategies for their promotion.
When considering the number of nursing consultations, it is observed that the present study presents a number inferior to that found by Obreli-Neto et al (2015), 25 who found an average of four annual Clinical Care/Education/Nutrition consultations. The nurse is an important professional in the process of empowering the patient, 29 which may raise the suspicion that nursing care is responsible for the reduction of A1c. However, although the average number of nursing consultations was higher than the present study, Obreli-Neto et al (2015) achieved reduction of A1c in patients who participated in the study, emphasizing the importance of pharmaceutical assistance in the promotion of glycemic control.
Bahia et al found a variation of costs related to DM medication similar to this study (from US$65.88 to US$563.51). 8 Regarding intragroup variation, the increase in costs in the follow-up period may be related to changes in the dosing regimen and to the insulinization of the patients, which consequently increases the consumption of inputs, contributing to higher costs. Medication can consume up to 50% of the direct costs related to DM, 8 30 thus making the collection of these data relevant.
This study pointed to a significant reduction in the number of urgent and emergency services, a fact also observed in the study by Borges et al, 31 which may show that pharmaceutical care services and pharmacotherapeutic empowerment strategies are able to reduce clinical situations that may lead to this type of care.
In a meta-analysis performed by Baldoni et al (2017), In this study, the mean reduction in A1c was 0.359% (intervention) and 0.17% (control). In the IPES the reduction of A1c was superior and 56% of the patients managed to obtain glycemic control (A1c <7%). Although the data do not present statistical difference, glycemic control is related to the improvement of quality of life, reduction of complications, and reduction of costs related to DM, 23 34 therefore, these strategies should always be preferable from the management of the services point of view.
Analyzing the number of drugs prescribed for the treatment of DM2, in the study by Borges et al (2011) 31 the mean approaches two drugs per patient. The difference between the two studies may be related to the methodology adopted. While Borges considered any medication prescribed for DM, the present study considered only those obtained in municipal public pharmacies. This study considered only drugs obtained in municipal public pharmacies, excluding drugs purchased with patients' own resources and by programs of the state and federal governments of Brazil, which may be cited as a limitation of the study. It is known that many patients access the drug metformin 500 mg XR (recommended as monotherapy for the treatment of DM2 1 ) through the 'Popular Pharmacy' program, however, all the work was performed from the perspective of the municipal system and therefore the absence of data from this program should not compromise these findings. Clinical Care/Education/Nutrition
Despite the limitations described in this study, such as the absence of randomization of the sample and the composition of costs only from the municipal point of view, its innovative characteristic can be highlighted in relation to the pharmacological analysis of the pharmacotherapeutic empowerment strategies and the presence of a control group to extrapolate the results obtained. These studies become important tools in the promotion of the economic evaluation in health from the perspective of municipal management, and can aid in the decision-making process.
COnClusIOn
Pharmacoeconomic analyses are still innovative when the strategies of empowerment for patients with DM2 are in question. The generation of results that can be used to guide possible decision-making as well as to subsidize new research can be considered a breakthrough in the view of municipal public health.
The IPES is a viable alternative, both clinically and economically, to the reality of the health system of the municipality analyzed. The patients served by the IPES had traditional care maintained, and the IPES presented a more cost-effective result, which was reinforced by the sensitivity analysis. The present study provides support for management orientation in the decision process, supporting the insertion of the pharmacist in primary healthcare teams, providing the population with recommended multiprofessional healthcare. Contributors ACOG, MSC, CS, AMTC and AOB contributed to the design, collection, analysis and interpretation of data. LRLP and JAA participated in the critical review of the work content. All authors participated in the final approval of the version to be published.
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